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Control and prevention of the genetic load of haemoglobinopathies in India

R. S. BALGIR

ABSTRACT
Haemoglobinopathies and thalassaemia are inherited disorders
which affect a large number of individuals in India. With a
population of 950 million and a birth rate of 28 per thousand
it has been estimated that there would be about 42 million carriers
and about 12000 infants born each year will be inheriting a major
haemoglobin disorder in India. In view of this heavy genetic load,
frequent blood transfusions, high cost of treatment and manage-
ment, physical trauma, and psychological and mental harassment
to the patients and their families, it has been realized that the
preventive genetic approach is the most suitable for the Indian
setting. After carrier detection, prenatal diagnosis and genetic
counselling are important options for couples at high risk for
haemoglobinopathies. A prerequisite for a successful prevention
and control programme ishealth education, public awareness and
sensitization, and screening of the population for identification of
heterozygotes or carriers in the community.
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INTRODUCTION
Advances in the field of biotechnology and molecular biology
have proved our capability for carrier detection, prenatal diagno-
sis and prophylactic measures, especially of inherited disorders
such as haemoglobinopathies and thalassaemia. Intensive thera-
peutic protocols have been developed that can help many to lead
a better quality of life. This approach has, to some extent, reduced
the number of affected children in many Mediterranean countries
including Cyprus, Greece, Italy, Sardinia and the United King-
dom by almost 10- to 20-fold and the strategy seems to be cost-
effective. However, such an intervention does not treat or cure the
affected individual. The therapeutic protocols are still beyond the
reach of the vast majority of patients and families in India.

The control and prevention of these disorders is therefore of
immense importance. This article discusses these issues to find an
appropriate strategy for these problems in India.

MAGNITUDE OF THE PROBLEM
Haemoglobinopathies and thalassaemia are autosomal recessive
inherited disorders primarily involving the globin moiety of the
haemoglobin molecule. These hereditary defects cause severe
haemolytic anaemia.

There is a dearth of population-based screening programmes
fo: thalassaemia in India. Parents generally come to a hospital
WIthan affected child/sibling for treatment and/or advice. Thus,
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the meagre information available on thalassaemia is hospital-
based and of limited utility. Since most patients are referred from
different places, it is difficult to assess the frequency and make
projections about the extent of the disease in India.

Patients with beta-thalassaemia major develop disabling dis-
ease in infancy or early childhood. Most of the children are
severely anaemic, have gross hepatosplenomegaly, skeletal ab-
normalities and are crippled. In general, these children are poorly
managed and hence have a poor quality of life. They are inad-
equately transfused and prevention of iron overload by iron
chelation is rarely done. They often die before reaching adoles-
cence. The experience is traumatic not only for the patients, but
also for the family who ceaselessly try and help them without
achieving any tangible success.

According to a World Health Organization report, about 250
million people, i.e. 4.5% of the world population (5346 million),
carry a haemoglobinopathy gene and each year about 300 000
infants are born globally with a major haemoglobinopathic disor-
der.' With a population of 950 million and a birth rate of 28 per
thousand, it has been estimated that there would be about 42
million carriers and about 12 000 infants born each year inheriting
a major haemoglobin disorder in India. Thus, there is a heavy
genetic load of haemoglobinopathy and thalassaemia in India.

Many communities in India have a high prevalence of the beta-
thalassaemia gene.? It varies between 1% and 17%,3with a mean
prevalence of about 3.3%.4.5A recent multicentric study among
schoolchildren aged 11-18 years in Mumbai, New Delhi and
Calcutta by the Task Force of the Indian Council of Medical
Research (ICMR), New Delhi, showed a beta-thalassaemia car-
rier rate of 2.6%, 5.5% and 10.2%, respectively, in these three
cities.'

There are about 25 to 30 million people carrying the beta-
thalassaemia gene in India and about 8000 children homozygous
for beta-thalassaemia are born each year, which is about 10% of
the world figure." With recent developments in DNA technology
and genetic analysis, the identification of DNA mutations in
parents has made it possible to identify abnormal mutations early
in the embryonic development of the offspring either by chorionic
villus or foetal blood sampling."

It is well known that marital consanguinity (marriage among
blood relatives) increases the homozygosity in the community,
leading to a high prevalence of homozygous haemoglobinopathic
disorders such as sickle cell disease." We have observed that
consanguinous marriages, especially cross-cousin and parallel-
cousin marriages are common among the scheduled castes and
scheduled tribes as well as in some general castes, especially in
south India."!' Higher fertility has been observed among the
heterozygotes of haemoglobinopathies than among homozy-
gotes."" This means that the heterozygotes (carriers) of
haemoglobinopathy produce more children than normal or
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homozygotes of the defective gene to compensate for the loss due
to homozygosity (elimination of double-dose cases) in the popu-
lation in a malaria-endemic environment. This leads to higher
frequency of heterozygotes in the population because they have
an advantage over the other genotypes in a malaria-endemic envi-
ronment."

The other major factor which contributes significantly to the
high prevalence of these lethal diseases is the territorial proximity
and area endogamy. Most people in the rural sectors prefer to
marry within their own area (locality), district or state due to lack
of communication with other places or due to a small population
size. This also leads to reduced variety or lack of genetic varia-
tions, resulting in combination and proliferation of lethal genes in
homozygous form in a community. The situation is further com-
pounded by the caste and class hierarchy, complexion, economy,
culture, geographical barriers, climatic variations and eco-bio-
diversity.

There are more than 50 000-100 000 thalassaemic children in
India who are on irregular blood transfusions. Only a small
minority receive chelation therapy. Not more than 10%-15% of
these receive optimal therapy which consists of blood transfu-
sions every 3-4 weeks to maintain a haemoglobin level above 10
g/dl, and chelation therapy with desferal or kelfer, to remove
excess iron from the body after the first 15 transfusions.

In India, the cost of ideal treatment for one thalassaemic child
is nearly Rs 125000 per year." The cost of optimal treatment for
50 000 thalassaemic children will be about Rs 6.25 billion. This
is beyond the reach of our country. Moreover, this cost rises by
about Rs 1 million every year due to the additional number of
thalassaemics born annually." Therefore, attempts to prevent and
control thalassaemia and haemoglobinopathy in the community
deserve a high priority.!':"

The Government of India has been concerned with providing
therapy to these patients and developing effective programmes for
prevention of these hereditary diseases. But the limited financial
resources do not allow easy accessibility to these facilities every-
where. Therefore, in India, the most plausible option at present is
to use preventive strategies.":"

SCREENING AND CARRIER DETECTION
Community screening is an important component of identifying
carriers in the country. At present, the following methods are
applied in India:

1. A simple screening test, Naked Eye Single Tube Red Cell
Osmotic Fragility Test (NESTROFT) based on the lowered
osmotic fragility of red blood cells, is available for the detection
of beta-thalassaemia or any other abnormal haemoglobin in
the Indian setting.v'This test is very sensitive (95%-98%), but
lacks specificity. Many individuals with iron deficiency anaemia
may have a false-positive result. However, this test is very
cheap (Re 0.50 per sample) and can be used for large-scale
screening of the population.

2. Screening can also be easily done by measuring the red blood
cell indices using an electronic cell counter. The cost varies
between Rs 20 and Rs 30 per sample including the cost of
syringes and needles.

3. Those with a positive NESTROFT or sickling test can be
further examined for red cell indices and estimation of haemo-
globin A2fraction by column chromatography or by the elution
method after electrophoresis and densitometry." This test is
96% specific but only 84% sensitive. This test could miss iron
deficiency, and delta-beta or silent (alpha or beta) thalassaemia
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carriers. Estimation of foetal haemoglobin is necessary to rule
out the possibility of delta-chain defects." For example, in
alkaline electrophoresis, sickle haemoglobin and haemoglobin
D]unjabas well as haemoglobin Az and haemoglobin E appear
as a single band. For further resolution in such cases, an addi-
tional method of citrate agar gel electrophoresis at acidic pH is
required. 17 Currently, high performance liquid chromatography
(HPLC) is also used for the detection of beta-thalassaemia and
identification of other abnormal haemoglobins. The only
disadvantage in anion exchange HPLC is a longer run time,
requiring eight hours to analyse 16 samples for haemoglobin
variants (30 minutes run time) and 32 samples for haemoglobin
Az (15 minutes run time), as compared to cation exchange
HPLCs employing short columns. 18

The cost of these detailed tests varies between Rs 150 and
Rs 200 per sample. However, for prenatal diagnosis using mole-
cular techniques, the cost is between Rs 2500 and Rs 3500 per
sample.

For the control ofthalassaemia and haemoglobinopathy, screen-
ing and sensitizing the high-risk community for carrier detection
at birth, in school, in college, before marriage (premarital), just
after marriage or during pregnancy (antenatal) is essential (Fig 1).
Many workers have suggested that carrier screening should be
done at high school or college level to prevent marriages between
carriers. However, experience shows that this strategy is not very
successful in India. Once a person is identified as a carrier, a
stigma is attached to him/her and nobody comes forward to marry
himlher. In fact, the whole family is isolated from the community.
Moreover, most of the marriages in India are arranged and asso-
ciated with a close scrutiny of the family members for any known
disease. Therefore, it would be better to permit the free choice of
a partner, and then the couple should be screened. However, this
approach also has social implications with the possibility of
divorce in case any ofthe partners is a carrier, especially so if the
woman is a carrier.

In the first phase, only one of the partners should be screened.
If that person is a carrier then it is necessary to screen the other
spouse. If both parents are carriers, prenatal diagnosis is a must to
prevent the birth of a child affected with thalassaemia or any other
haemoglobinopathy by therapeutic abortion (Fig. 2). It may be
desirable to screen the entire population, but resources would not
permit this. Therefore, priority should be given to those who are
likely to benefit the most from it. The most feasible policy is to
screen pregnant women. Pregnant women must be screened
before 10-12 weeks of pregnancy to avoid any psychological
trauma, guilt feeling or emotional disorders. For this strategy to be
successful, proper sensitization and health education of the indi-
vidual and community are required.

PRENATAL DIAGNOSIS AND GENETIC COUNSELLING
The different tests available along with their limitations and risks
should be explained to every couple who opt for prenatal diag-
nosis.

Earlier, for prenatal diagnosis, foetal blood under ultrasound
guidance at 18-20 weeks of gestation was assayed for alpha, beta
and gamma chain synthesis by foetal reticulocytes. This proce-
dure is known as cordocentesis and is the method of choice for
foetal blood sampling. The ratio of beta chains over gamma and
pregamma chains is determined to find out whether the foetus is
affected or not. 19 The major limitation of second trimester diagno-
sis is that if termination of pregnancy is required, it is too late and
the management becomes difficult.
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FIG 1. Flowchart for mass screening for haemoglobinopathies and thalassaemia; MCH mean corpuscular haemoglobin
corpuscular volume
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FIG 2. Prenatal diagnosis and genetic counselling; T thalassaemia

MCV mean

Currently, advanced DNA technology and improved methods
for chorionic villus sampling (CVS) at 9-12 weeks of pregnancy
can provide this information within a short time (within a week).
The feasibility of using an ultrasound-guided transcervical or
transabdominal approach for early diagnosis has been described
by Old et al. 20 CVS is a good source of foetal DNA, but it needs
to be very carefully dissected to avoid any maternal contamina-
tion, which may lead to misdiagnosis. If the foetus is affected it
can be aborted, otherwise the pregnancy is allowed to continue
(Fig. 2).

Prenatal diagnosis is an important way of preventing the birth
of a thalassaemic child. It is, therefore, important to characterize
DNA mutations of beta-thalassaemia in the affected families,
depending upon their ethnic origin and geographical region to
establish prenatal diagnosis ofbeta-thalassaemia. More than 150
beta-thalassaemia mutations have been identified all over the
world":" and ofthese, about 22 mutations have been documented
in Indian patients.P:" Five mutations, i.e. 619 bp deletion at 3' end
of the beta-globin gene, IVS 1 nt 5 (G-C), IVS 1 nt 1(G- T), FS 8/
9 (+G) and FS 41142 (-CTTT) account for more than 90% of the
beta-thalassaemia mutations in IndiaY·26-31

The prevalence of different mutations varies in different re-
gions ofIndia.23.26-32 The IVS 1nt 5 mutation is the commonest in
Indians and its prevalence varies between 22.8% and 81.4% in
different regions of India, the highest being in Tamil Nadu. 29 The
interaction of alpha- and beta-thalassaemia represented as
thalassaemia intermedia is mostly prevalent in Punjab.

There have been sporadic reports of alpha-thalassaemia in
India. Some cases of Hb H disease have been found in West
Bengal" and screening of newborns in West Bengal, Mumbai and
Orissa showed that 2%, 4% and 12.6% of cord blood contained Hb
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BartsY-35 Furthermore, 9.4% of a tribal population from East
Godavari District in Andhra Pradesh were found to have the
variant Hb Koya Dora, which is caused by an alpha-globin chain
termination mutant." Using gene mapping analysis, alpha-
thalassaemia has been diagnosed in a high proportion of a tribal
population in south and east (Orissa) India, the latter study
indicating an estimated gene frequency of 0.32 among patients
with sickle cell disease.":" Except three reports.l"?' the exact
molecular basis of alpha-thalassaemia in India has not yet been
studied.

The initial cost of establishing antenatal diagnostic services at
the regional level will be about Rs 3-4 million for the necessary
equipment. This cost is not very high considering the cost of
treating a large population of patients with thalassaemia. There
should be provision of a blood bank attached to this Regional
Centre for emergency blood transfusion services. Therefore,
prenatal diagnosis with the option of abortion if the foetus is
affected, is an essential facility which should be established at the
regional level, if thalassaemia and haemoglobinopathies are to be
successfully controlled and prevented.

A few centres in India have initiated PCR-based analysis for
mutation characterization and prenatal diagnosis using the Am-
plification Refractory Mutation Systems (ARMS) technique. The
cost-effectiveness for screening purposes is ultimately dependent
upon the number of mutations the couple have.

Antenatal services, especially for prenatal diagnosis are un-
evenly distributed in our country and mostly confined to metro-
politan cities. Thus, it is essential to establish regional centres for
screening and prenatal diagnosis so as to enable people in rural
areas to have access to these facilities. This would be especially
important in areas which have a high prevalence of thalassaemia
and haemoglobinopathies.

In the absence of regional antenatal and prenatal diagnostic
services, a large number of people who are aware of the problems
posed by these genetic disorders and can afford to travel to various
state or national level hospitals do so to avail of these facilities.
This leads to an immense and unnecessary economic burden in the
affected families and a high workload for these centres.

Genetic counselling is an essential component of the strategy
for control and prevention of haemoglobinopathies for creating
awareness, generating scientific temper, source reduction, com-
bating apathy and creating a base for successful wider implemen-
tation of these strategies. The control strategy is aimed at reducing
the morbidity and genetic load in the community through early
diagnosis and prompt treatment and therapy through organized
programmes.

It has been observed that the majority ofthalassaemics are the
first-affected children of parents with previously unidentified
carrier status.

Genetic counselling for high-risk couples and communities is
the most urgent medical advice to be imparted. Both prospective
and retrospective genetic counselling are essential for effective
control of these maladies in India. Genetic counselling has been
successful in community control of thalassaemia and haerno-
globinopathies in many countries of the world. It has also led to
reduced reproduction in high-risk families.

COMMUNITY EDUCATION
The management of these genetic disorders through preventive,
promotive and curative methods is important." Health education
is an important component of preventive genetic programmes,
and is the key to the success of such a programme at all levels. The

237

active participation of non-governmental organizations (NGOs)
is required for this strategy. A prerequisite for a successful pre-
vention programme is health education, public awareness and
sensitization, and screening of the population for identification of
heterozygotes or carriers. 15

Sensitizing the community through newspapers, radio and
television, pamphlets, public meetings and discussions, etc. will
require tremendous effort for its success.

CONCLUSION
In view of the frequent requirement of blood transfusions, high
cost of treatment (Rs 125 ODD/patient/annum) involving about
20%-30% of the total family income on medical treatment ser-
vices," physical trauma, and psychological and mental harass-
ment to patients and families, preventive genetic strategies for
haemoglobinopathies and thalassaemia are of utmost importance
to tackle these haemolytic disorders in India. These strategies
should include:

1. imparting of health education and sensitizing the community
to seek screening and genetic counselling,

2. screening for carrier detection in at-risk communities,
3. establishment of prenatal diagnostic facilities,
4. prenatal diagnosis,
5. development of infrastructure at the regional level for long

term management, adequate treatment and therapy,
6. retrospective and prospective genetic/marriage counselling

for prevention and control, and
7. maintenance of a Regional and National Registry.

The situation of haemoglobinopathies, thalassaemia and
haemolytic anaemia is very grim in India. The most cost-effective
and feasible approaches are preventive genetic strategies. Major
efforts need to be directed towards control by genetic counselling
and prenatal diagnosis. A prerequisite for a successful prevention
programme is health education, public awareness and sensitiza-
tion, and screening for identification of heterozygotes or carri-
ers." If both parents are carriers, prenatal diagnosis is resorted to
for preventing the birth of a child affected with beta-thalassaernia
or other haemoglobinopathies. Antenatal screening appears to be
the most effective way in the present scenario. Pregnant women
must be screened before 10-12 weeks of pregnancy. This requires
proper health education and adequate sensitization of the indi-
vidual and community to accept these remedial measures.
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